A cute respiratory distress syndrome (ARDS), the most severe manifestation of acute lung injury (ALI), is clinically defined as severe dysfunction of gas exchange and chest radiographic abnormalities after a predisposing injury in the absence of heart failure (1). Despite advances in life support, an unacceptably high mortality persists (25-50%) (2, 3) . It has become apparent that mechanical ventilation itself can be injurious to the lung (i.e., ventilator-induced lung injury) (4) . Thus, elucidating the molecular characteristics of ALI/ventilator-induced lung injury is vital to the development of novel approaches for diagnosing and managing ARDS.
Regardless of the pathogenesis, the clinical manifestations of ARDS are indistinguishable from the original insult. Therefore, a common pathway of acute inflammatory responses has been proposed to explain how different insults may lead to lung tissue damage, deterioration of oxygenation function, and subsequent dysfunction in multiple organs.
Iatrogenic injury associated with the supportive care of the ALI/ARDS patient and the failure of anti-inflammatory therapies with specific molecules, such as tumor necrosis factor-␣ binding protein, have contributed to the pressing need for novel approaches in the management of this syndrome in the intensive care unit (5, 6) . There is increasing awareness that injury-specific mechanisms and individualized therapies for ARDS patients may become attractive therapeutic options in Objectives: Acute lung injury can result from distinct insults, such as sepsis, ischemia-reperfusion, and ventilator-induced lung injury. Physiologic and morphologic manifestations of disparate forms of injury are often indistinguishable. We sought to demonstrate that acute lung injury resulting from distinct insults may lead to different gene expression profiles.
Design: Microarray analysis was used to examine early molecular events in lungs from three rat models of acute lung injury: lipopolysaccharide, hemorrhage shock/resuscitation, and highvolume ventilation.
Setting: University laboratory.
Subjects: Male Sprague-Dawley rats (body weight, 300 -350 g).
Interventions: Rats were subjected to hemorrhagic shock or lipopolysaccharide followed by resuscitation or were subjected to sham operation. First hit was followed by ventilation with either low (6 mL/kg) or high (12 mL/kg) tidal volume for 4 hrs.
Measurements and Main Results: Physiologic and morphologic variables were assessed. Total RNA was hybridized to Affymetrix chips. Bioconductor was used to identify significantly altered genes. Functional enrichment predictions were performed in Gene Ontology Tree Machine. Confirmation stud-the future (7) . To this end, specific mechanisms of injury in the lung must be elucidated.
In the present study, we explored the hypothesis that ALI is not a stereotyped response of the lung to injury but rather a composite of specific responses to different coexisting injury mechanisms. We postulated that exploring the global response to injury using microarray technology would reveal the presence of injury-specific differential gene expression patterns in comparable lung injury models. We also proposed that such patterns would contain genes that are biologically plausible and functionally related and thus can be exploited for future mechanistic studies and, more importantly, may serve as a template for novel molecular diagnostics of ALI.
Whole-genome approaches have been proposed as feasible and efficient ways of dissecting the molecular response to injury. Stimulus-specific co-expression patterns describing the transcriptional behavior of multiple genes simultaneously in response to an insult may provide clues to the underlying molecular mechanisms of injury; these injury-specific patterns could also be used as "molecular signatures" for clinical diagnosis and prognosis (7) . For example, multiple CXC chemokines up-regulated by tumor necrosis factor-␣ in human lung epithelial cells are located closely on the same chromosome (8) . A group of transforming growth factor-␤-inducible genes is up-regulated together in bleomycintreated animals (9) . Using genetic linkage analysis, a pulmonary irritant-sensitive locus on murine chromosome 6 was identified (10) . Inspired by these investigations, the objective of the present study was to explore whether injury-specific differential gene expression patterns could be recognized and separated from genes that are commonly involved in ALI from comparable and otherwise indistinguishable animal models of lung injury.
In the present study, we used adult rats treated with lipopolysaccharide (LPS; model of septic shock) or hemorrhagic shock/resuscitation (HS; model of ischemia/reperfusion) as the "first hit," followed by mechanical ventilation as the "second hit" to test our hypothesis that ALI from different causes can lead to specific molecular profiles based on injury-specific differential gene expressions.
METHODS
Animal Experiments. Male Sprague-Dawley rats (n ϭ 24, 300 to 350 g; Charles River, Montreal, Quebec, Canada) were anesthetized with ketamine hydrochloride (80 mg/kg; Ayerst Veterinary Laboratories, Guelph, Canada) and xylazine (8 mg/kg; Bayer, Toronto, Canada) administered intraperitoneally. After tracheostomy, a 14-gauge catheter was inserted into the trachea. The right carotid artery was cannulated with a 24-gauge Angiocath (Becton Dickinson, Franklin Lakes, NJ) for measuring mean arterial blood pressure (MAP), blood withdrawal, and resuscitation. The tail vein was catheterized with a 22-gauge Angiocath (Becton Dickinson) for continuing sedatives of ketamine hydrochloride (20 mg·kg
), xylazine (4 mg·kg Ϫ1 ·hr Ϫ1 ), and pancuronium (0.3 mg·kg Ϫ1 ·hr Ϫ1 ). Hemodynamics, lung elastance, and arterial blood gas measurements were performed (11) . Animals in all groups underwent the same initial instrumentation and anesthesia. Rats were randomized to receive HS (volume reduction to MAP of 40 mm Hg for 30 mins) or systemic administration of LPS (5 mg/kg intravenously) followed by resuscitation or to undergo sham operation (without HS or LPS). Animals were subsequently randomized again to receive mechanical ventilation with either a low tidal volume (LV) of 6 mL/kg and 5 cm H 2 O of positive end-expiratory pressure or a high tidal volume Physiologic variables of acute lung injury. Animals received lipopolysaccharide (LPS; 5 mg/kg intravenously) or hemorrhagic shock (HS) followed by resuscitation, or received sham operation (Sham), and were then subjected to mechanical ventilation with low (LV) or high (HV) tidal volume as described in the Methods section. Mean arterial pressure (MAP) (a), PaO 2 (b), and pulmonary elastance (c) were measured before and during the experiment; lung wet/dry weight ratios (d) were determined at the end of the experiment. All values are expressed as mean Ϯ SD (n ϭ 4). BL, baseline. *p Ͻ .05 and **p Ͻ .01 vs. ShamLV; ϩ p Ͻ .05 vs. HSLV;ˆp Ͻ .05 vs. LPSLV. e, Hematoxylin and eosin staining of the lungs shows no dramatic pathologic changes that can be differentiated by pathologic examination. Magnification, ϫ400.
(HV) of 12 mL/kg without positive endexpiratory pressure for 4 hrs. At the completion of the experiment, animals were killed and the lung tissues were processed for microarray (left lung) or for assessments of histology, immunohistochemistry, and ELISA (right lung), as described previously (11 Microarray and Data Analysis. Total RNA was extracted from the left lung using Trizol reagent (Invitrogen, Burlington, Ontario, Canada) and purified with RNeasy (Qiagen, Chatsworth, CA). Equal amounts of RNA from four animals in each group was pooled for microarray (12) . REA 230 plus 2.0 chips (31,099 expressed sequences) from Affymetrix (Santa Clara, CA) were used. Intensity values were determined using MAS 5.0 (Affymetrix). Complete microarray data set and experimental protocol have been submitted to the National Center for Biotechnology Information Gene Expression Omnibus according to the Minimum Information About a Microarray Experiment (MIAME) standard for microarray data (GSE 4770). Scaled values were analyzed in Genespring (http://www.silicongenetics. com). Quantile normalization was performed. Gene expression data were further filtered based on raw intensity value. Genes with raw intensity values that did not meet a minimum threshold (more than 50 in at least three out of six of the experimental conditions) were excluded from the analysis. To identify injuryspecific differential gene expression, scaled, summarized, and normalized data were imported into R (Statistical Package for Microarray Analysis: http://www.statistik.lmu.de/‫ف‬strimmer/ notes/rexpress.html), analyzed using the Linear Models for Microarray Data library (LIMMA) (13) of the Bioconductor package (14) (Bioconductor, http://www.bioconductor.org), and confirmed using Significance Analysis of Microarray (SAM, http://www-stat.stanford.edu/ ‫ف‬tibs/SAM).
Hierarchical clustering was used to build condition and gene trees for differential gene expression, and K-means was used to plot subgroups of genes with similar expression patterns (Genespring). Predictions regarding functional enrichment were performed with Gene Ontology (GO)Tree Machine (http://bioinfo.vanderbilt.edu/ gotm/) and Onto-Express (http://vortex.cs.wayne.edu/projects. htm). Information regarding specific putative functions was obtained from SOURCE (http://source.stanford.edu/cgi-bin/source/ sourceSearch) and the National Center for Biotechnology Information database (http:// www.ncbi.nlm.nih.gov/entrez/query.fcgi? CMDϩsearch&DBϭgene).
Confirmation Studies. To confirm the results from microarray studies, Ͼ30 genes were tested with RNA from each individual animal for quantitative real-time reverse transcriptasepolymerase chain reaction (qRT-PCR), as previously described (8, 15) . The protein levels of several inflammatory mediators (tumor necrosis factor-␣, interleukin-1␤, pentraxin 3) were measured by enzyme-linked immunosorbent assay (8, 11, 16) . Protein expression of tissue factor in the lung was determined with immunohistochemistry staining (protocol is available on request. Correlation between changes in tissue factor messenger (m)RNA levels and lung injury variables (elastance, PaO 2 , and wet-to-dry ratio) were calculated. Graphs and tables displaying individual gene expression values and statistical analysis for qRT-PCR were performed with JMP (statistical analysis software, http://www.jmp.com) and Excel (http://www.excel. com).
All gene symbol abbreviations used in this article are spelled out in a list available in the online supplemental material.
RESULTS

ALI Induced by HS, LPS, and HV.
To identify injury-specific molecular patterns of expression, animals were randomized into three distinct rat models of ALI. To introduce HS, animals were bled to reduce MAP to 40 mm Hg within the first 15 mins. The low MAP was maintained for another 15 mins, followed by resuscitation (Fig. 1a) . In animals that received LPS, MAP fell gradually within the first 1.5 hrs to approximately 60 mm Hg; this was followed by resuscitation with crystalloids (Fig. 1a) . Sham-operation animals received identical anesthesia and surgery protocols. After adequate resuscitation (MAP of Ն80 mm Hg), all animals were randomized into two subgroups and ventilated with two clinically applicable ventilation regimens, either HV or LV for 4 hrs. The decrease in MAP only reached statistical significance in the LPSHV and HSHV groups at the end of the experiment in comparison with that in the ShamLV group (p Ͻ .05) (Fig.  1a) . PaO 2 was significantly decreased in all HV groups compared with that in the ShamLV group (Fig. 1b) . Pulmonary compliance deteriorated in animals ventilated with the HV strategy compared with that of the ShamLV group at the end of 4 hrs of mechanical ventilation (Fig.  1c) . Measurement of wet-to-dry lung weight ratios showed that LPS alone significantly increased water content in the lung, and animals ventilated with the HV strategy had a significantly greater lung water compared with their counterparts ventilated with the LV strategy (p Ͻ .05) (Fig. 1d ). Histologic assessment of ALI scores was performed in ten randomly selected fields per animal, in four animals per group, at a magnification of ϫ400 in a blinded fashion. Animals randomized to the HV strategy had increased neutrophil infiltration, diffuse alveolar damage, and hemorrhage ( Fig. 1e ), but these pathologic changes cannot be differentiated among the three HV ventilation groups at 4 hrs (p Ͼ .05). Gene Profiling of ALI. All six groups (ShamLV, ShamHV, LPSLV, LPSHV, HSLV, and HSHV) were used in microarray analysis. Gene expression profiles were determined using gene chips containing 31,099 oligonucleotide probe sets, each representing an expressed sequence, corresponding to more than half of the protein coding capacity of the rat genome. Of these, 19,756 were deemed as expressed in the lung (63.5%). After filtering for quality of expression, 16,599 "present" expressed sequences were selected for further analysis. Hierarchical clustering was used to visualize the global transcriptional profiles of genes selected as present. Biological interpretation of hierarchical clustering suggests that gene expression profiles can be divided into two distinct groups: (a) low injury group (ShamLV and HSLV) and (b) high or higher injury group (samples that received HV or LPS). The latter is further composed of two subgroups based on whether animals were exposed to LPS or to HV (Fig. 2a) .
To identify injury-specific gene expression patterns, scaled, summarized, and normalized data were imported into R (Statistical Package for Microarray Analysis) and analyzed using the Linear Models for Microarray Data library (13) of the Bioconductor package (16) . We performed multivariate analysis of variance. In this analysis, we assumed that all factors (LPS, HS, and HV) affect gene expression equally and used the same estimates of error for all three conditions on the same gene. In each case, the three effects estimated were considered "orthogonal" to each other (i.e., completely independent). In each case, we allowed for 2 degrees of freedom for error. Benjamini and Hochberg (17) multipletesting correction was applied. Genes were selected based on Bayes Linear Models for Microarray Data model and false discovery rate, ranked as being differentially expressed in decreasing order of unadjusted p values. We chose to select only top genes based on the cut-off value of p Յ .01. Using this strategy, we selected 1,013 LPS-responsive genes; 380 HS-responsive genes, and 332 HV-responsive genes. A Venn diagram of gene lists was generated in Genespring (Fig. 2b) .
Genes that were up-or down-regulated by LPS (Fig. 2c ) or HV ventilation (Fig. 2d ) can be clearly identified by their patterns of expression. In contrast, plotting of the 301 genes whose expression may be related to exposure to HS revealed no recognizable pattern (Fig. 2e) .
Identification of LPS-Specific Gene Expression Patterns.
To facilitate visualization of expression patterns of genes selected as LPS responsive, we plotted the gene expression values using K-means, a way to plot gene expression with normalized raw intensity values (Fig. 3a) . Three sets of subgroup genes were identified. Set 1 contains 197 genes that are downregulated by LPS exposure. Set 2 is close to the mirror image of set 1 and contains 458 genes that are up-regulated by LPS. Set 3 contains 358 genes whose expression is usually low in the control condition (ShamLV). Exposure to LPS leads to up-regulation of these genes, and exposure to HV ventilation seems to be additive to LPS at the gene expression level.
Multiple genes from each K-means set were measured with qRT-PCR to confirm these gene expression patterns. The qRT-PCR results of sialophorin (Spn1), small inducible cytokine B11 precursor (Cxcl11), small inducible cytokine A20 precursor (Scya20/CCL20), and cytokineinducible SH2-containing protein (Cish1), also known as suppressor of cytokine signaling (Socs-1), are shown ( (Fig. 3b) . By matching UniGene or GenBank, or both, numbers, a group of genes reported in other models of LPS-induced ALI (18, 19) was also identified in the present study (Table 1) .
To further determine the feature of LPS-related genes, we searched for enrichment in predicted functions among genes that shared this expression pattern. This was carried out using Onto-Express and GOTree Machine, which are united by their use of the GO database provided by the GO Consortium. A broad functional classification by biological process and molecular function of the genes, in which expression was altered by exposure to LPS, was performed. Using hypergeometric probability (20, 21) 
LPS-regulated genes are shown in supplementary eFigure 1. The most significantly altered genes involved in this functional category are displayed using hierarchical clustering so that genes contained in set-specific examples are highlighted (supplementary eFigure 1).
Of the 1,013 genes selected as LPS responsive, 418 are EST clones. Although the function of these transcripts is unknown and some of them could be pseudogenes, the LPS-specific regulation of these transcripts suggests that they may be potential markers to monitor the LPSrelated gene expression in the lung. Detailed information regarding putative biological functions of the top 30 selected genes in each set is presented in supplemental eTable 2.
Identification of HV-Related Gene Expression Patterns.
To enable visualization of the transcriptional expression pattern that we have identified as ventilation specific, K-means plotting was used to show the normalized raw intensity values. Three main patterns of expression are associated with exposure to high tidal volume. Set 1 and set 2 ( Fig. 4a) included 118 and 66 genes, respectively, that were up-regulated by HV ventilation. The difference in these two sets lies in the putative additive response seen with LPS. Set 3 identifies genes that were down-regulated by HV ventilation (Fig. 4a) . Real-time qRT-PCR was used to confirm set-specific gene expression patterns. Heme-oxygenase (Hmox), small inducible cytokine subfamily A (Cys-Cys) member 17 (Scya17), and low-density lipoprotein receptor-related protein 4 (Lrp4) are shown as examples of similarity between microarray and qRT-PCR results (Fig. 4, b and c) . Table 2 shows fold change in expression of genes from this study, identified as significantly altered in a separate cross-species study of ventilator-induced (large tidal volume) lung injury (22) and a study of early stress response in ALI (23) .
Predicted functional enrichment among HV-sensitive genes shows that a total of 88 GO categories were relatively enriched (p Ͻ .01). Major significant functional categories include genes involved in morphogenesis, organogenesis, healing and repair, cell cycle progression, proliferation (fibroblasts), and differentiation (keratinocytes). Of specific note is enrichment for catecholamine biosynthesis and dopamine metabolism (supplemental eTable 3).
Directed acyclic graph view of the significantly enriched GO categories (p Ͻ .01) related to physiologic process among HV-regulated genes is shown in supplementary eFigure 2. The top significantly altered genes involved in this functional category are displayed using hierarchical clustering so that setspecific examples are highlighted (supplementary eFigure 2).
Detailed information regarding putative biological functions of the top 30 selected genes in each set is presented in supplemental eTable 4. Of specific interest is the identification of five members of the keratin family (cytokeratin 21, 8, and 14 and keratin complex, acid genes 18 and 19) and other structural components of the cell that are known to co-localize to focal adhesion kinase and adherens junction (son of sevenless 2 [Sos2], Src, and parvin), tight junctions (claudins and villin 2), tubulin ␤1 (TBB1), and laminin ␤2 (LAMC2) (supplemental eTable 4). tissue factor mRNA are very similar between the microarray and qRT-PCR results (Fig. 5, a and b) . Protein expression of tissue factor was examined with immunohistochemistry. Increased staining of tissue factor in HV groups can be seen in comparison with groups subjected to LV (Fig.  5c ). More importantly, changes in tissue factor mRNA expression levels correlated significantly with the degree of lung injury as measured by physiologic markers of pulmonary dysfunction: elastance, PaO 2 levels, and wet-to-dry ratio (Fig. 5, d and e) . The mRNA and protein levels of tumor necrosis factor-␣, interleukin-1␤, and pentraxin 3 (a new inflammatory mediator identified (16, 24) ) were also measured with qRT-PCR and enzyme-linked immunosorbent assay, respectively. These inflammatory mediators are rapidly induced in all injury groups. As inducible genes, their protein levels were up-regulated with similar patterns as their gene expressions. We previously determined that pentraxin 3 expression and distribution in the lung were increased as determined by immunohistochemistry, further confirming our current findings (11) .
Confirmation Studies of Microarray
DISCUSSION
The current report significantly extends previous studies aimed at understanding the molecular features of early ALI by demonstrating that early lung injury can be distinguished on the basis of specific transcription profiles (18, 19, 22, 23) . In keeping with clinical observations, we found that physiologic and pathologic studies cannot distinguish the type of lung injury across different models. In contrast, the transcriptional profiles identified with microarray and bioinformatics enabled the decoupling of biochemical from biophysical injury. Detailed analysis of co-transcriptional profiles revealed a group of LPSspecific genes and a group of high-volume ventilation-specific genes. Importantly, these unique gene expression patterns are associated with specific functional enrichment (Fig. 6) .
With the rapid development of microarray technology and bioinformatics, several groups have taken the advantages of wholegenome approaches to identify individual molecules that may play a role in ALI. Although specific gene expression patterns have been noted during data analyses, confirmation of the importance of these genes has been a challenge. Many researchers have focused on one or two genes after screening thousands of transcripts. This approach provides a definite answer regarding the importance of a particular gene, but numerous genes associated with the pathologic process of ARDS are lost-buried during data mining. The approach used in the present study underscores the importance of co-differential expression as a determinant of biological significance.
We analyzed early events in three distinct rat models of lung injury: ischemiareperfusion, systemic LPS administration, and injurious mechanical ventilation. The routine and accepted physiologic and histologic strategies were sufficient to discern between groups of animals that had received HV ventilation from those that received LV ventilation. However, it was insufficient to discriminate based on these pathophysiologic variables the underlying pathogenesis of the ALI. In contrast, analysis of gene co-expression patterns enabled the identification of injury-specific expression patterns. Compared with the Table 2 . Expression pattern of genes that were also identified in a separate cross-species study of ventilator-induced lung injury (22) complex clinical manifestations of ARDS, animal models only represent the schematic feature of this syndrome. However, these simplified models allow us to compare and define the profiles of genes associated with known insults. To focus on early transcriptional events of gene expression, we only used 4 hrs of ventilation. Although this does not detract from the identification of injury-specific patterns of injury, further studies with multiple time points during ALI will be necessary. To identify the contribution of major cell types in the lung for these gene expression patterns, cell culture studies should also be considered. Posttranscriptional modification of mRNA cannot be ruled out as a potential mechanism for the alteration in message abundance in our in vivo experiment. One may argue that the dramatic changes in gene expression in vivo could be mainly due to pulmonary cellular infiltration. Although that may be one of the underlying mechanisms, it does not undermine the existence of distinct molecular profiles that may be exploited, albeit for a brief period, for identifying different forms of injury. The presence of specific molecular patterns of injury will have to be validated in humans. Further studies may identify primary components of gene expression patterns that may be used to stratify patients and assess prognosis. In this study, we relied on the differential expression of genes in two distinct groups exposed to LPS to determine LPSspecific changes induced during the early phase of ALI. As a biological stimulator with well-defined signaling mechanisms, LPS influences the overall genome more dramatically than other insults. LPS can activate toll-like receptors and subsequently execute its signal through the nuclear factor-B pathway for transcriptional regulation (25) . LPS also activates Janus kinase/signal transducers and activators of transcription (JAK/STAT) pathway in vivo (26) . Indeed, among the LPSspecific genes identified, many were predicted to exert a role in these pathways. Hypergeometric probability analysis identified that genes responsive to LPS were primarily involved in metabolism, defense response, immune response, immune cell proliferation, differentiation, and migration, cell adhesion, motility, and cell death (27) . These findings fit the current knowledge that LPSinduced cell death (28) and inflammation is important for the evolution of ALI, and various genes identified in our model have also been highlighted as significantly altered in other models of LPSinduced lung injury (Table 1) .
In comparison with the more thoroughly described LPS-related differential expression pattern, the set of genes regulated by HV ventilation has not been well defined. It is known that mechanical forces could activate signal transduction in lung cells (29, 30) , which has been postulated as an underlying mechanism in ventilator-induced lung injury (31, 32) . The unique feature of our study is that we exploit the heterogeneity of ALI to dissect out genes that are pathologically relevant to HV ventilation. The postulate is that, if a gene is truly involved in the pathologic process (i.e., HV ventilation), it will be differentially expressed in the presence of the stimulus of interest and in the company of other genes within its group, irrespective of changes in the first hit (e.g., LPS). We also used a model in which the minimum amount of injury (the LV ventilation groups) serves as baseline, enriching the data set for pathologic HV-related gene expression, rather than simply changing from normal, thus making the findings more clinically relevant. Top selected genes included SphK1. Data from animal studies have implicated sphingosine phosphate 1, the product of sphingosine phosphorylation by SphK1, in ALI (33, 34) . Sphingosine phosphate 1 has been implicated in the barrier function in the lung (35, 36) . It acts on five subtypes of G-protein-coupled receptors; these receptors are in turn coupled to different intracellular second messenger systems, including phospholipase C, phosphatidylinositol 3-kinase/protein kinase Akt, mitogen-activated protein kinases, and Rho-and Ras-dependent pathways (37) . In our rat model, genes codifferentially expressed with SphK1 included phospholipase C beta 1, Rho guanosine triphosphatase-activating protein 8, and Akt2. Sphingolipids have also been implicated in keratin reorganization (38) , regulation of plasminogen activator 0.00 1.00 2.00 3.00 4.00 5.00 6.00 7.00 8.00 9.00 10.00 inhibitor-1 expression (39), and disruption of claudins, integral organizers of tight junctions (34) . As part of the HV differential expression pattern, we identified five keratin-related genes, two transcripts for plasminogen activator inhibitor-1, and three distinct types of claudins: 3, 4, and 7. These data suggest a functional correlation between co-expressed genes, with a central role for sphingolipids in HV-induced ALI. Moreover, cytoskeleton-and cell junction-related genes may be mechanosensitive and, consequently, play an important role in mechanotransduction (32) . Alteration of these genes implicates a feedback between mechanotransduction and expression of related molecules. In addition to increasing gene expression levels, HV ventilation also suppressed a group of genes functionally enriched for signal transduction (Fig. 4a, set 3) .
Both clustering analysis (Fig. 2a ) and statistical analyses demonstrated that the effects of LPS or high-volume ventilation on gene expression are more effective than HS/resuscitation; this was intended to mimic ischemia/reperfusion as an important mechanism of injury, presumably priming the lung for subsequent injury via oxidative stress (40, 41) . This may be explained by the fact that unlike LPS or HV, HS was not sustained throughout the experiment, correction of the hypotension may have returned the molecular profile to baseline, or the experimental condition was not powered to detect significant changes between HS injury and the baseline.
What do these injury-specific gene expression patterns mean to clinicians? First, this study clearly supports the concept that although a common molecular mechanism (or pathway) may indeed be involved in the pathogenesis of ARDS, injury-specific mechanisms cannot be ignored. Individual expression patterns indicate that each insult may have a specific effect on gene regulation at the genomic level. Second, expression profiles of a single gene or a few genes have been explored as biomarkers for clinical diagnosis and prognosis to guide clinical therapy. Results from this study suggest that injury-specific patterns should be considered as a potentially novel strategy for clinical diagnosis and prognosis (7) . Moreover, injury-specific patterns of gene expression profiles provide novel targets for ARDS-related investigation and potential future clinical treatment options.
